Cyanide inhibited unesterified fatty acid synthesis but stimulated glyceride synthesis from ll-"4Clacetate when Spinacia oleracea chloroplasts were incubated in basal media. Both unesterified fatty acid and glyceride accumulation were inhibited when chloroplasts were incubated in a diacylglycerol mode. Stimulation of chloroplast fatty acid synthesis by either exogenous coenzyme A or Triton X-100 was almost completely abolished in the presence of cyanide. Stearoyl-ACP desaturation is considered to be inhibited to a greater extent than is fatty acid synthesis de novo.
A scheme in which chloroplasts and other organelles cooperate in the synthesis of plant lipids has recently been proposed (9) . The main role of the chloroplasts in this model is to provide acyl-CoA and 1,2-diacylglycerol ( Fig. 1 ) which are used for polar lipid assembly, predominantly in the endoplasmic reticulum. Rates of fatty acid synthesis in the isolated chloroplasts appear to be controlled in part by the rate of utilization of oleoyl-ACP3, which in turn determines the supply of ACP available to the fatty acid synthetase (8) .
As shown in Figure 1 , oleoyl-ACP is at an important branch point in acyl chain metabolism; it is either hydrolyzed by an endogenous thioesterase (11) or is used to acylate a chloroplast lyso-phosphatidate (5, 9) . The predominance of oleate among the unesterified fatty acids produced by isolated chloroplasts is thought to be due to the fact that the crude and purified thioesterases act much more rapidly on oleoyl-ACP than on stearoyl-A-CP or palmitoyl-ACP (11) .
Cyanide is known to inhibit the desaturation of stearate to oleate by isolated intact chloroplasts (6, 12) and would thus be expected to alter the balance of reactions in Figure 1 . In this paper, we examine the repercussions of adding cyanide to chloroplast preparations incorporating ['4Clacetate into lipids under different conditions. The results add further support to that part of the scheme shown in Figure 1 . Chloroplasts were isolated and fatty acid synthesis was assayed as reported previously (10) . Analysis of the products was carried out as described in the legends to the present figures. Fatty acid methyl esters were prepared from glycerides in 0.5 M sodium methoxide in methanol and from unesterified fatty acids by heating to 80 C for 90 min with 2% (v/v) H2SO4 in methanol.
MATERIALS AND METHODS
Bicarbonate-dependent 02 evolution was measured using an 02
electrode (2) . Triton X-100, CoA, and sn-glycerol-3-P were from Sigma and (Table I ). For any given cyanide concentration, the extent of inhibition of fatty acid synthesis was inversely proportional to the Chl concentration of the reaction mixture. At very low concentrations of cyanide relative to Chl (Table II) , incorporation was slightly stimulated but, at higher concentrations of KCN, an over-all inhibition of incorporation was almost entierely due to a preferential inhibition of the accumulation of unesterified fatty acids; that in 1,2-diacylglycerol was actually increased. At a concentration of 0.25 mM KCN, which was used in most of the following experiments, over-all incorporation was reduced by 20 to 30%1o, whereas that into glycerides was increased by as much as 100%. A further important feature shown in Table I is that the ratio of unsaturated to saturated fatty acids in the labeled products declined strikingly as the cyanide concentration was increased. As shown in Table II (8, 12) . As shown in Table III , unesterified fatty acids account for the bulk of this increased incorporation which was almost completely abolished by the inclusion of KCN at 0.25 mM.
Triton X-100 also stimulates fatty acid synthesis in isolated spinach chloroplasts (12) and this effect has been attributed primarily to a specific enhancement of 1,2-diacylglycerol accumulation (8) . The inclusion of cyanide in reactions containing Triton X-100 resulted in the reversal of this stimulation and an inhibition both of unesterified fatty acid and glyceride accumulation (Table   III) . This reversal of Triton X-100-stimulated acetate incorporation was partially alleviated by the addition of sn-glycerol-3-P, which also promotes 1,2-diacylglycerol synthesis (8). When cyanide was included in the presence of Triton X-100 and sn-glycerol 3-P, the stearate that accumulated was found predominantly in the glyceride fraction (Table II) . In the absence of cyanide and according to Figure 1 , the first acylation step produces sn-2-palmitoyl-glycerol 3-P and a second acylation results in the ultimate accumulation of sn-I-oleoyl-2-palmitoyl glycerol as the chloroplast diacylglycerol (7, 9) . The relatively constant proportion of unsaturated C18 fatty acids within glycerides as the concentration of cyanide was increased (Table II) suggests that, 
Different Lipid Classes of Isolated Chloroplasts
Chloroplasts equivalent to 54 [Lg Chl were incubated at 25 C for 15 min in 0.25 ml standard incubation mixture with the additions shown. Reactions were stopped by adding 5 ml chloroform:methanol (1:1, v/v) and lipids were separated into unesterified fatty acids (UFA) and glycerides (Glyc) by H3BO3/TIC. Fatty acid methyl esters were prepared from these classes as described under "Materials and Methods" and were separated by a combination of AgNO3/TLC and reverse-phase TLC. Triton X-100 was 0.13 mM and sn-glycerol 3-P (G3P) was 0.4 mM.
[ under standard assay conditions, the accumulating stearoyl-ACP competed with palmitoyl-ACP in the acylation of endogenous snglycerol 3-P. On the other hand, when diacylglycerol synthesis was stimulated by the inclusion of Triton X-100 and sn-glycerol 3-P, the stearate which accumulated in glycerides in the presence of cyanide did so at the expense of oleate and, therefore, stearoyl-ACP probably competed with oleoyl-ACP in the acylation of 2-palmitoyl-sn-glycerol 3-P. Synthesis of the latter would be stimulated by the addition of sn-glycerol 3-P to the incubation medium. Effects of Inhibiting Chain Elongation. When intact spinach chloroplasts were incubated in the presence of 0.5 to 2 mm sodium arsenite, to inhibit palmitoyl-ACP elongation (4) Exogenous CoA, Triton X-100, and Triton X-100 plus sn-Glycerol 3-P Chloroplasts equivalent to 35 ug Chl were incubated for 15 min at 25 C in 0.25 ml standard assay medium (control) to which was added 0.5 mM CoA, 0.13 mm Triton X-100, and 0.4 mm sn-glycerol 3-P (G3P) as indicated. Reactions were stopped by adding 5 Figure I shows that portion of the scheme for plant lipid synthesis under discussion. These reactions occur partly in the stroma and partly in the envelope of chloroplasts (1, 5) . Inasmuch as the chloroplast acyl-ACP thioesterase has been shown (11) to be relatively specific for oleolyl-ACP, a partial, specific inhibition of stearoyl-ACP desaturation would lead to an accumulation of palmitoyl-ACP and stearoyl-ACP. In intact spinach chloroplasts synthesizing long-chain fatty acids, this in turn could lead: (a) to a decreased rate of fatty acid synthesis, resulting from a lowered availability of unesterified ACP; (b) to an increased rate of acyl transfer from palmitoyl-ACP to endogenous sn-glycerol 3-P, resulting in a stimulation of 1,2-diacylglycerol accumulation; (c) to a relatively specific inhibition of unesterified fatty acid accumulation in those assays where hydrolysis of oleoyl-ACP is thought to be the major step for recycling ACP; (d) to an inhibition of both unesterified fatty acid and glyceride accumulation in those assays where acyl transfer and hydrolysis compete for newly synthesized oleoyl-ACP.
In addition, we have argued (8) that exogenous CoA and Triton X-100 stimulate rates of fatty acid synthesis in isolated, intact spinach chloroplasts by specifically increasing rates of oleoyl-ACP turnover. It follows from this that the CoA-and Triton X-100-stimulated rates of fatty acid synthesis should be more markedly inhibited, compared with basal rates, when rates of oleoyl-ACP formation become limiting. The results of this study, where cyanide was used to inhibit fatty acid desaturation appear to bear out these predictions.
These interpretations assume that the effect of cyanide is due primarily to an inhibition of the desaturation of stearoyl-ACP rather than a general reduction in the ability of the chloroplasts to assimilate acetate. The stimulation of [1-t4Clacetate incorporation into long-chain fatty acids (see also ref. 6 ) and the concomitant increase in the amounts of stearate and glycerides synthesized at low concentrations of cyanide (<0.5 ,umol/mg Chl) support a specific inhibition of desaturation. At these concentrations of cyanide/Chl, photosynthetic 02 evolution was barely affected by cyanide. At higher relative levels of cyanide, 02 evolution was progressively inhibited and the consequently reduced availability of ATP and NADPH might itself have limited the incorporation of . Inasmuch as the requirements of CO2 fixation for ATP and NADPH were at least 100-fold greater than those for acetate assimilation, it seems most likely that rates of fatty acid synthesis in the presence of 0.25 mm KCN (Tables I to III) were limited primarily by a lowered availability of ACP, as expected from a relatively specific inhibition of the stearoyl-ACP desaturation. The fact that 0.25 mM cyanide had little effect on total fatty acid synthesis but major effects on the synthesis of unsaturated fatty acids, including a complete inhibition of linoleate synthesis, supports this interpretation.
